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:KHUH .U6F(F46)5.0*P*U 3U λΔ DUH WKH 9LVFRVLW\ UDWLR SDUDPHWHU *UDVKRI QXPEHU 0RGLILHG
*UDVKRIQXPEHU'LPHQVLRQOHVVPDWHULDOSDUDPHWHU0DJQHWLFILHOGSDUDPHWHU3HUPHDELOLW\RIWKHSRURXVPHGLXP
5RWDWLRQDOSDUDPHWHU5DGLDWLRQSDUDPHWHU3UDQGWOQXPEHU6XFWLRQSDUDPHWHU+HDWDEVRUSWLRQSDUDPHWHU9LVFRXV
GLVVLSDWLRQ6FKPLGWQXPEHUDQG&KHPLFDOUHDFWLRQSDUDPHWHUVUHVSHFWLYHO\
 0HWKRGRIVROXWLRQ
7KHJRYHUQLQJ(TVVXEMHFWWRWKHERXQGDU\FRQGLWLRQVKDYHEHHQVROYHGQXPHULFDOO\XVLQJWKH)LQLWH
HOHPHQWPHWKRGGLVFXVVHGLQ%DWKH>@DQG-15HGG\>@7KHPHWKRGKDVWKHIROORZLQJVL[PDLQVWHSV
L 'LVFUHWL]DWLRQRIWKHGRPDLQLQWRHOHPHQWV
7KHZKROHGRPDLQLVGLYLGHGLQWRILQLWHQXPEHURIVXEGRPDLQVDSURFHVVNQRZQDV'LVFUHWL]DWLRQRIWKH
GRPDLQ(DFK VXEGRPDLQ LV WHUPHG D ILQLWH HOHPHQW7KH FROOHFWLRQRI HOHPHQWV LV GHVLJQDWHG WKH ILQLWH
HOHPHQWPHVK
LL 'HULYDWLRQRIWKHHOHPHQW
7KHGHULYDWLRQRIILQLWHHOHPHQWHTXDWLRQV HL DOJHEUDLFHTXDWLRQVDPRQJWKHXQNQRZQSDUDPHWHUVRIWKH
ILQLWHHOHPHQWDSSUR[LPDWLRQLQYROYHVWKHIROORZLQJWKUHHVWHSV
D &RQVWUXFWWKHYDULDWLRQDOIRUPXODWLRQRIWKHGLIIHUHQWLDOHTXDWLRQ
889 Siva Reddy Sheri and Shamshuddin MD /  Procedia Engineering  127 ( 2015 )  885 – 892 
E $VVXPHWKHIRUPRIWKHDSSUR[LPDWHVROXWLRQRYHUDW\SLFDOILQLWHHOHPHQW
F 'HULYHWKHILQLWHHOHPHQWHTXDWLRQVE\VXEVWLWXWLQJWKHDSSUR[LPDWHVROXWLRQLQWRYDULDWLRQDOIRUPXODWLRQ
7KHVH VWHSV UHVXOWV LQ DPDWUL[ HTXDWLRQRI WKH IRUP [ ]{ } { }HHH )X. = ZKLFKGHILQHV WKH ILQLWH HOHPHQW
PRGHORIWKHRULJLQDOHTXDWLRQ
LLL $VVHPEO\RIHOHPHQWV
7KH DOJHEUDLF HTXDWLRQV VR REWDLQHG DUH DVVHPEOHG E\ LPSRVLQJ WKH LQWHUHOHPHQW FRQWLQXLW\ FRQGLWLRQV
7KLV \LHOGV D ODUJH QXPEHU RI DOJHEUDLF HTXDWLRQV FRQVWLWXWLQJ WKH JOREDO ILQLWH HOHPHQW PRGHO ZKLFK
JRYHUQVWKHZKROHIORZGRPDLQ
LY ,PSRVLWLRQVRIERXQGDU\FRQGLWLRQV
7KHSK\VLFDOERXQGDU\FRQGLWLRQVGHILQHGLQDUHLPSRVHGRQWKHDVVHPEOHGHTXDWLRQV
Y 6ROXWLRQRIWKHDVVHPEOHG(TXDWLRQV
7KHUHVXOWLQJHTXDWLRQVIRUPDWULGLDJRQDOV\VWHPRIDOJHEUDLFHTXDWLRQVWKDWDUHVROYHGE\WKHZHOONQRZQ
7KRPDVDOJRULWKP
7KLVPHWKRGKDVEHHQSURYHQWREHDGHTXDWHDQGJLYHDFFXUDWHUHVXOWVIRUERXQGDU\OD\HUHTXDWLRQV
6NLQIULFWLRQLVREWDLQHGDV
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τ        
 9DOLGDWLRQRI1XPHULFDOUHVXOWV
7KHDFFXUDF\RIWKHQXPHULFDOVFKHPHHPSOR\HGLQWKHSUHVHQWZRUNLVWHVWHGE\GLUHFWFRPSDULVRQZLWKSUHYLRXVO\
SXEOLVKHGZRUNE\'DV>@7DEOHGLVSOD\VFRPSDULVRQIRUWKHVNLQIULFWLRQ I& DQGZDOOFRXSOHVWUHVV Zτ ,WVHHQ
IURPWKHWDEOHWKDWWKHUHVXOWUHSRUWHGKDVDQH[FHOOHQWDJUHHPHQW7KLVOHQGVFRQILGHQFHWRWKHQXPHULFDOUHVXOWV
WREHUHSRUWHGVXEVHTXHQWO\
7DEOH6NLQIULFWLRQ I& DQG:DOOFRXSOHVWUHVV ωτ ZKHQ =(F
5HVXOWVDQG'LVFXVVLRQV
7KHIRUPXODWLRQRIWKHKHDWDQGPDVVWUDQVIHUIORZRI0+'PLFURSRODUIOXLGLQWKHSUHVHQFHRIYLVFRXVGLVVLSDWLRQ
DQGFKHPLFDOUHDFWLRQZDVDFFRPSOLVKHGRXWLQWKHSUHFHGLQJVHFWLRQVDQGDUHSUHVHQWDWLYHVHWRIUHVXOWVLVUHSRUWHG
JUDSKLFDOO\ LQ)LJ7KHVH UHVXOWV DUHREWDLQHG WR LOOXVWUDWH WKH LQIOXHQFHRIYDULRXVSDUDPHWHUV RQ WUDQVODWLRQ
YHORFLW\9 PLFURURWDWLRQω WHPSHUDWXUHθ DQGFRQFHQWUDWLRQφ SURILOHV,QSUHVHQWVWXG\ZHDGRSWHGWKHIROORZLQJ
GHIDXOW SDUDPHWHU YDOXHV RI ILQLWH HOHPHQW FRPSXWDWLRQV  ==Δ==== 5.0*P*U
3U ====== .U6F(F4) $OO JUDSKV WKHUHIRUH FRUUHVSRQG WR WKHVH YDOXHV XQOHVV
'DV>@  3UHVHQW9DOXHV
Δ  5  I&  ωτ   I&  ωτ















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VSHFLILFDOO\LQGLFDWHGRQWKHDSSURSULDWHJUDSK
7KHHIIHFWRIDPLFURSRODUIOXLGYLVFRVLW\UDWLRSDUDPHWHUΔ RQWKHWUDQVODWLRQYHORFLW\SURILOHVLVSUHVHQWHG
LQ WKH )LJ LQ JHQHUDO WKH OLQHDU YHORFLW\ RI WKH IOXLG IRU 1HZWRQLDQ IOXLG  Δ   LV KLJKHU WKDQ WKDW RI QRQ
1HZWRQLDQ PLFUR SRODU IOXLG ,W VKRZV WKDW WKH WUDQVODWLRQ YHORFLW\ ILHOG GHFUHDVHV DV WKH LQFUHDVLQJ YDOXHV RI
YLVFRVLW\UDWLRSDUDPHWHUΔ ,QFDVHRI)LJPLFURURWDWLRQSURILOHVDOVRGHFUHDVHVDVLQFUHDVHRIΔ 
)LJVDQGSUHVHQWWKHEHKDYLRXURIWUDQVODWLRQYHORFLW\DQGPLFURURWDWLRQω SURILOHVIRUYDULRXVYDOXHV
RI URWDWLRQDO SDUDPHWHU 5  ,W LV REVHUYHG WKDW DQ LQFUHDVLQJ LQ URWDWLRQDO SDUDPHWHU 5 OHDGV WR GHFUHDVLQJ LQ WKH
YDOXHVRIWUDQVODWLRQDOYHORFLW\DQGPLFURURWDWLRQDQGVRGHFUHDVHWKHPRPHQWXPERXQGDU\OD\HUWKLFNQHVV)URP
7DEOHZHNQRZWKDWDVDQLQFUHDVLQJRIWKHURWDWLRQSDUDPHWHUWKHVNLQIULFWLRQ I& GHFUHDVHDQGZDOOFRXSOHVWUHVV
Zτ LQFUHDVHV
7KH LQIOXHQFH RI YLVFRXV GLVVLSDWLRQ SDUDPHWHU LH WKH (FNHUW QXPEHU (F  RQ WKH WUDQVODWLRQ YHORFLW\
PLFURURWDWLRQDQGWHPSHUDWXUHSURILOHVDUHDVVKRZQLQ)LJVUHVSHFWLYHO\7KH(FNHUWQXPEHU (F H[SUHVVWKH
UHODWLRQVKLSEHWZHHQWKHNLQHWLFHQHUJ\IORZDQGWKHHQWKDOS\,WHPERGLHVWKHFRQYHUVLRQRINLQHWLFE\ZRUNGRQH
DJDLQVW WKHYLVFRXV IOXLG VWUHVVHV*UHDWHUYLVFRXVGLVVLSDWLYHKHDW FDXVHV D ULVH LQ WKH WHPSHUDWXUH DVZHOO DV WKH
WUDQVODWLRQYHORFLW\DQGPLFURURWDWLRQ
)LJV  UHSUHVHQW WKH LQIOXHQFH RI FKHPLFDO UHDFWLRQ SDUDPHWHU .U RQ WKH WUDQVODWLRQ YHORFLW\ PLFUR
URWDWLRQDQGFRQFHQWUDWLRQSURILOHVUHVSHFWLYHO\,QFUHDVLQJWKHFKHPLFDOUHDFWLRQSDUDPHWHU .U SURGXFHVDGHFUHDVH
LQ WKH FRQFHQWUDWLRQ ,Q WXUQ WKLV FDXVHV WKH FRQFHQWUDWLRQ EXR\DQF\ HIIHFWV WR GHFUHDVH DV .U LQFUHDVHV
&RQVHTXHQWO\ OHVV IORZ LV LQGXFHG DORQJ WKH SODWH UHVXOWLQJ LQ GHFUHDVH LQ WKH IOXLG WUDQVODWLRQ YHORFLW\ LQ WKH
ERXQGDU\OD\HU,QFRXQWLQFUHDVLQJWKHFKHPLFDOUHDFWLRQSDUDPHWHU .U OHDGVWRGHFUHDVHLQWKHWUDQVODWLRQYHORFLW\
FRQFHQWUDWLRQLQWKHERXQGDU\OD\HUZKHUHDVPLFURURWDWLRQGLVWULEXWLRQLQFUHDVHVDV .U LQFUHDVHV
)LJ3K\VLFDOPRGHODQGFRRUGLQDWHV\VWHP


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 &RQFOXVLRQV
0RWLYDWHGE\ WKHSUHYLRXVZRUNVDQGSRVVLEOHDSSOLFDWLRQV LQ WKLVSDSHUZHKDYHQXPHULFDOO\VWXGLHG
WKH KHDW DQGPDVV WUDQVIHU IORZ RI0+'PLFUR SRODU IOXLG LQ WKH SUHVHQFH RI YLVFRXV GLVVLSDWLRQ DQG FKHPLFDO
UHDFWLRQ7KHJRYHUQLQJHTXDWLRQVDUHVROYHGQXPHULFDOO\E\XVLQJWKHILQLWHHOHPHQWPHWKRG1XPHULFDOUHVXOWVDUH
UHSRUWHG IRU YDULRXV YDOXHV RI WKH SHUWLQHQW SDUDPHWHUV RI LQWHUHVW LH WKH HIIHFWV RI WKH YDULRXV SDUDPHWHUV RQ
WUDQVODWLRQYHORFLW\PLFURURWDWLRQ WHPSHUDWXUHDQGFRQFHQWUDWLRQSURILOHVDUHH[DPLQHG 7KHWUDQVODWLRQYHORFLW\
DQG PLFUR SRODU ILHOG GHFUHDVHV DV WKH LQFUHDVLQJ YDOXHV RI YLVFRVLW\ UDWLR SDUDPHWHU URWDWLRQDO SDUDPHWHU DQG
FKHPLFDOUHDFWLRQSDUDPHWHU7KHFRQFHQWUDWLRQGHFUHDVHVZLWKDQLQFUHDVHLQWKHFKHPLFDOUHDFWLRQSDUDPHWHU7KH
WHPSHUDWXUH DV ZHOO DV WKH WUDQVODWLRQ YHORFLW\ DQG PLFUR URWDWLRQ GHFUHDVHV ZLWK DQ LQFUHDVH LQ WKH YLVFRXV
GLVVLSDWLRQ
$FNQRZOHGJHPHQW
7KH DXWKRUV DUH WKDQNIXO WR WKH8QLYHUVLW\*UDQWV&RPPLVVLRQ1HZ'HOKL IRU SURYLGLQJ ILQDQFLDO DVVLVWDQFH WR
FDUU\RXWWKLVUHVHDUFKZRUNXQGHU8*&±0DMRU5HVHDUFK3URMHFW
5HIHUHQFHV
>@$&(ULQJHQ7KHRU\RIPLFURSRODUIOXLGV9RO±
>@ 6DULIXGGLQ &KDNUDYDUW\ 6DQWDEUDWD 0DQGDO 3UDVKDQWD .XPDU +HDW WUDQVIHU WR PLFUR SRODU IOXLG IORZLQJ WKURXJK DQ LUUHJXODU DUWHULDO
FRQVWULFWLRQ,QW-+HDW0DVV7UDQVIHU±
>@6LYD5HGG\6KHUL56ULQLYDVD5DMX6RUHWHIIHFWRQXQVWHDG\0+'IUHHFRQYHFWLYHIORZSDVWDVHPL±LQILQLWHYHUWLFDOSODWHLQWKHSUHVHQFHRI
YLVFRXVGLVVLSDWLRQ,QWHUQDWLRQDO-RXUQDOIRU&RPSXWDWLRQDO0HWKRGVLQ(QJLQHHULQJ6FLHQFHDQG0HFKDQLFV±
>@ &K5DP5HGG\ 73UDGHHSD ' 6ULQLYDVDFKDU\D 1XPHULFDO 6ROXWLRQ IRU PL[HG FRQYHFWLRQ LQ D 'DUF\ SRURXV PHGLXP VDWXUDWHG ZLWK D
0LFURSRODU IOXLG XQGHU FRQYHFWLYH%RXQGDU\&RQGLWLRQXVLQJ6SHFWUDO4XDVL/LQHDUL]DWLRQPHWKRG´$GY6FL0HG9RO  SS

>@(0$ERHOGRKDG$)*KRQDLP5DGLDWLRQHIIHFWRQKHDW WUDQVIHURIDPLFURSRODUIOXLG WKURXJKDSRURXVPHGLXP$SSO0DWK&RPSXW
±
>@005DKPDQ76XOWDQD5DGLDWLYHKHDWWUDQVIHUIORZRIPLFURSRODUIOXLGZLWKYDULDEOHKHDWIOX[LQDSRURXVPHGLXP1RQOLQHDU$QDO0RGHO
&RQWURO±
>@005DKPDQ&RQYHFWLYH IORZVRI0LFURSRODU IOXLGV IURP UDGLDWH LVRWKHUPDO SRURXV VXUIDFHVZLWK YLVFRXV GLVVLSDWLRQ DQG MRXOH KHDWLQJ
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